Abstract
Introduction
The sit-to-stand (STS) movement is the most fundamental condition for other movements, as all movements, such as transferring from one position to another, walking, spinning, and climbing stairs, are possible only when someone is able to maintain a standing position [1] . Moreover, STS is a useful tool for evaluating muscle strength and the functional conditions of lower limbs without using special training or a device [2] .
Sit to stand (STS) is a complex movement requiring appropriate posture control to change from a 3-point-based siting posture to 2-point-based standing posture [3] . The body center moves in the upward direction while maintaining balance from sitting to standing postures [4] .
Position control during STS is related to dynamic balancing [5] and a balancing function is required to prevent falling that can be caused by a drastic change in the basal plane and acceleration of the center of the body [6] . During the STS movement, the center of gravity moves forward and the lower limbs extend, which causes the center of gravity to deviate from a stable condition. Schenkman et al. [7] classified STS movement into four stages. The first stage is the flexion-moment stage, wherein the weight is moved to form an early moment. The second stage is the moment-movement stage, wherein the person detaches the hip from the chair.
The foot flexion of the ankle joint becomes maximal in this stage. The third stage is the extension stage, wherein the person stands up straight by completely extending the hip and knee joints. Finally, the fourth stage is the stabilizing stage, wherein the hip and knee joints are completely extended. This kind of classification has been widely used to describe motion analyses [8] [9] [10] . Standing from a sitting position requires a physical change in the horizontal and vertical directions. Here, important external conditions that can affect standing include foot location, early trunk location, motion speed, chair height, use of the arms, gender, age [11] . As such, a patient's STS ability can be evaluated for various objectives through a number of methods.
In evaluating the STS movement, the center of body speed and lower limb joint moments are important factors, which are used to measure how the angular motion of a joint in a given direction during all STS phases affects the entire body's linear movement [12] . A restriction of STS movement from a chair is related closely to degradation in balance [13] and it can also affect gait ability, as characterized by time delay of STS task performance, outer or inner side displacements of the center of mass, and asymmetrical weight loads [14] .
Using the upper limbs during STS merely helps to maintain balance, rather than decrease the load on the lower limb joints [15] . Among the factors that interrupt STS movement, chair height has the most critical impact [16] .
Studies on the STS movement can be largely divided into three categories: the motion analysis approach using a kinematic system, the muscle activation pattern analysis approach using an electromyogram signal analysis system, and the simultaneous approach of a kinetic analysis using a force plate. A study has used electromyography (EMG) to determine how muscle energy supports the human body against gravity, how muscle energy achieves goal movements, and how long healthy subjects and people with various diseases require rest [17] . As of now, studies on the evaluation of standing up from a chair are insufficient. Hence, this study attempts to examine how the STS movement according to chair type affects the muscle activity of the lower limbs.
Methods

Subjects
For analyzing the muscle activity of the five lower limb muscles (vastus lateralis, rectus femoris, vastus medialis, tibialis anterior, and gastrocnemius muscle), students in their 20s enrolled at University N located in Metropolitan City G in Korea were selected as research subjects. The subjects included 52 healthy adults in their 20s (26 men and 26 women) who have no anomalies in muscle strength and joint range of motion, so the experiment can be sufficiently applied.
Among 52 adults who participated in this study, 26 were men and 26 were women. The men's average age was 21.10 ± 1.86 years, average height was 174.96 ± 4.34 cm, average weight was 69.23 ± 10.11 kg, and BMI was 22.61 ± 3.15 kg/m². The women's average age was 20.54 ± 1.27 years, average height was 163.77 ± 3.86 cm, average weight was 57.46 ± 8.09 kg, and BMI was 21.39 ± 2.63 kg/m² (p>.05). (Table 1) . 
Measurement
For the experiment, a typical lecture room chair (41.5 cm high, 42 cm wide, and 37 cm long) with a backrest but no armrests was used. A goniometer was used to bend the subject's knees 90° while sitting in the chair. In this position, the subject's two feet were positioned at shoulder width, as measured by a tape measure.
An electromyogram is a bio signal that shows the invisible movement of the muscle during motion and an electromyogram device measures the electronic signal generated in the muscle during motion [18] . The EMG signal is a record of electric signals generated by physiological changes in muscle fiber membranes. These signals are measured by an electromyograph consisting of electrodes, an amplifier, band-pass filter, analog-to-digital conversion unit, and data-recording unit.
To measure the muscle activity of the VL, RF, VM, AT, and GM, a surface electromyogram WEMG-8 (LXM5308, Laxtha Inc., Korea) was used. In total, 11 electrodes of 2,223 H were used. The sample collection rate of the signal was set at 1,024 Hz and a 60-Hz notch filter was used. The real-time analysis program TeleScan (LAXTHA Inc., Korea) was used for the signal storage and signal process of the electromyogram (Fig. 1 ).
Figure 1. Each Channel in EMG Signal
1) Methods
For the adjustable-height experiment, an adjustable height chair with no armrests was used. While seated, all subjects bent their hip joint at 90° and the middle of hips was positioned at the edge of chair. To have consistent measurement posture for all subjects, the angle of the knee joints was set to 90° by setting the chair heig ht to 80% of the knee joint height of each subject [7] .
Since the femoral length in contact with the chair while seated can affect posture and standing, this length also needed to be consistent. In a previous study a femoral contact portion was set to 50% of the total femoral length [19] . Through the pre-test, the femoral contact portion was set to 70% of the femoral length while sitting comfortably. The gap between the feet was set to shoulder width and the angles of the ankle and knee joints were set to 90° [20] . Then the subject's two arms were placed across the chest in an X shape to avoid compensation of movement by the.
Using only movements of the trunk and lower extremities, the subject performed the assigned motions while his or her two feet remained at shoulder width. The sitting posture was set as the starting posture and all subj ects conducted three STS movements in five seconds. To prevent muscle fatigue, a 10-sec rest was given between sets. All subjects were informed about electrode attachment and locations. Before the measurement, wires between electrodes and EMG system were arranged neatly and EMG signals on the screen were observed to see any movement noise.
2) EMG Electrode Placement Location
Prior to attachment of electrodes, body hair in the attachment site was shaved and the skin was cleansed with alcohol gauze to minimize skin resistance. The ground electrode was placed at the C7 spinous process. To remove noise due to wire movements, Kinesio tape was used to fix the wires in place. Causes of any noise were resolved before placing the electrode. The distance between electrodes was kept to 2 cm, and the electrodes were placed in parallel to the direction of the muscle fibers. The surface electrodes recorded a muscle contraction to mean a change in muscle belly position. (Table 2 ).
Table 2. Electrode Placement for Detection of Muscle Activation
Muscle
Electrode placement
Vastus medialis
The distance along a line from the superior internal side of the patella to the anterior medial iliac spine, starting from the patella
Rectus femoris
The distance along a line from the superior medial side of the patella to the anterior inferior iliac spine, starting from the patella
Vastus lateralis
The distance along a line from the superior lateral side of the patella to the anterior superior iliac spine, starting from the patella
Gastrocnemius
The percentage distance from the medial side of the popliteus cavity to the medial side of the achilles tendon insertion, starting from the tuberosity of tibia
Tibialis anterior
The percentage distance from the tuberosity of tibia to the medial malleolus line, starting from the tuberosity of tibia
3) EMG Signal Collection
After the researcher gave the start command, the lower extremity muscles activity was measured as the subject performed three STS movements in five seconds. Data for the first second and last second were removed and the muscle signals over the remaining three seconds were averaged. Maximum voluntary isometric contraction (%MVIC) of muscle activity, a method based on the maximum isometric contraction value of muscle measured at the time of standing, was used in the data analysis [21] .
% MVICRMS = RMS in each method
× 100 RMS during the maximum muscle contraction of each method
Statistical Analysis
The average and standard deviation were computed for the physical characteristics of each group and the measurement results of each variable. For the data treatment of the study results, the statistics program SPSS ver. 18.0 was used. An independent t-test was performed for the verification of differences according to chair type and gender. A paired t-test was performed for the verification of a difference between the standing and sitting groups. The statistical significance le vel α was set at 0.05.
Results
Socio-demographic Variables of the Research Subjects
There was an even number of research samples for each gender, i.e., 26 men and 26 women. As for age, 20-years-olds were the majority, representing 55.8% of the sample, and as many as 78.8% of the research subjects regarded their health condition as healthy. As for smoking habit, non-smokers were dominant, representing 75.0% of the entire sample. The primarily used foot was the right foot, representing 92.3% of the sample, and the rate of alcohol consumption was mostly once or twice a week, representing 69.2% of the sample. Regarding family members, the combination of the participant and his/her parents was most common, representing 76.9% of the sample. As for monthly income, more than 300,000 KRW was the most common rate, representing 48.0% of the sample (Table 3) . 
Comparison of Muscle Activity According to Chair Type
The muscle strength of the lower limbs increases more in the case of a small STS movements value according to chair type. There was no significant difference in a comparison of different chair types (p>.05). As for the VM, RF, and VL, the muscle activity increased more in the case of a fixed chair than a wheeled chair in both groups. The muscle activity of the GC and AT increased more in the case of a wheeled chair in both the standing and sitting groups and in the standing group, respectively, while the muscle activity of the AT increased more in the case of a fixed chair in the sitting group (Table 4) (Fig. 2) . 
Comparison of Muscle Activity According to Posture Type
The muscle activity of the VM increased more in the case of a standing position than a sitting position. The RF and VL also showed greater increases in musc le activity in a standing position than a sitting position. On the contrary, the GC and AT showed greater decreases in muscle activity in a standing position than a sitting position (Table 5) (Fig. 3) . 
Discussion
The STS movement is a functional task that is most commonly required in daily life. Moreover, the STS movement is an important motion that precedes functional activities, such as walking [22] . It is also a practical evaluation method frequently used in technical research and rehabilitation studies [23] .
An STS movement test consists of measurements taken while performing sitting and standing motions to assess lower extremity muscle strength and balanc e. In one study, STS test was employed to determine death rate of the elderly in association with disability prediction and changes in physical performance due to degrada tion in balance [24] . STS-movement research is mainly classified into three subjects: characteristics of subjects, strategies, and chair type [25] . However, few studies have been done on chair height under the same test conditions. This study used EMG (WEMG-8) to determine muscle activity in the lower extremities during STS movements from fixed-leg and wheel-leg chairs of the same shape with 52 subjects (26 males, 26 females). While standing from a fixed -leg chair, according to chair type and gender, a significant difference was seen in rectus femoris and vastus lateralis and while sitting, a significant difference was seen in vastus medialis, rectus femoris, and vastus lateralis (p < 0.05). Regardless of differences in height and leg length of the subjects, no significant difference was seen between groups because daily activities and diet were not controlled.
Brunt [26] reported that activities in the tibialis anterior and rectus femoris were higher when standing with one foot positioned further back than the other foot than when standing with both feet symmetrically positioned.
This study limited the ankle joint at 90 degrees; hence, it differs from previous literature that investigated the STS movement's impact on the muscle activity of the lower limb muscles according to the changing location of the feet. When stand -to-sit and STS motions were performed with the knee joints at 90 degrees, the GM and RF did not show significant differences (p>.05), while the VM, VL, and AT showed significant differences (p<.05).
Cheng et al. [27] argued the AT is activated most often before lifting the hip during the STS movement, and it is a crucial factor for maintaining ankle stability. Lomaglio et al. [15] reported the RF, VL, and VM are among the muscles that are activated most during the STS movement.
As for the stand-to-sit movement, depending on the chair type, the VM, RF, VL, GM, and AT showed no significant differences in lower limb muscle activity during the stand-to-sit movement between a fixed chair and a wheeled chair (p>.05).
Cahill et al. [22] reported that the dynamic stability of the quadriceps muscle, GM, and soleus muscle is important for the STS movement, as they play a critical role in controlling motion speed. Moreover, Eriksrud et al. [28] reported the RF achieves knee stabilization prior to hip joint flexion and knee extension during the STS movement.
Carr and Shepherd [29] reported that the dynamic stability of the quadriceps femoris, gastrocnemius, and soleus muscles was important to the standing motion, and these muscles played an important role in controlling motion speed. Furthermore, Eriksrud and Bohannon [28] reported that stability in knees was done before hip joint flexure at rectus femoris and knee extension while performing standing motion.
This study had several limitations. The number of subjects was too small, and the study results cannot be generalized. Second, the safety of the subjects was the foremost concern in this study, although the subjects had different ages, physical ability, and functions. Third, the chair's size did not match the physical characteristics (sitting height, physical height) of all the test subjects.
In this study, there was no significant difference between a fixed chair and a wheeled chair when the STS movement was performed on a stable, supportive surface. However, if the controlled condition that makes a supportive surface unstable, as well as diverse dependent variables are included in future studies, it can be useful for providing fundamental data regarding the muscle activation of lower limbs according to chair type. In future studies, it will be necessary to build a strong power of verification that can conform to the purpose of the study by using a greater number of research subjects and various evaluation tools.
Conclusion
STS movement can be used as a health marker in patients and the elderly. A significant difference was seen in some muscle groups while performing standing and sitting motions from a fixed-leg chair. In a future study, subjects with a wider range of ages and occupations, such as office and field workers, will be included so that appropriate strength training programs can be developed that factor in the unique needs of various job fields. In addition, a comparative study of the mental state between the healthy subjects and those with physical or medical limitations will be added.
